To report the biometry data of pediatric cataractous eyes (randomly selected single eye in bilateral cases; cataractous eye in unilateral cases) and to compare the biometry data of the unilateral cataractous eye with the data of the corresponding noncataractous fellow eye. METHODS. The study was a chart review/analysis of immersion A-scan biometry measurements, excluding traumatic cataract or lens subluxation. RESULTS. Three hundred ten eyes were examined at surgery. The mean age was 45.30 Ϯ 48.10 months; globe axial length (AL), 20.52 Ϯ 2.87 mm; anterior chamber depth (ACD), 3.29 Ϯ 0.60 mm; and lens thickness (LT), 3.62 Ϯ 0.86 mm. During the first 6 months of life, AL increased 0.62 mm/mo, 0.19 mm/mo from 6 to 18 months, and 0.01 mm/mo during 18 months to 18 years of age. The girls had shorter ALs than did the boys (P ϭ 0.090), and the African-American subjects had longer ALs than did the Caucasians (P Ͻ 0.001). Eyes with unilateral cataract had shorter ALs than those with bilateral cataracts before 60 months of age, but had longer ALs than the eyes with bilateral cataracts after 60 months of age. Eyes of the female subjects had shallower ACDs than those of male subjects (P ϭ 0.026). Eyes with unilateral cataract had shallower ACDs than those of eyes with bilateral cataracts (P ϭ 0.001). In the children Ͼ5 years of age, LT was significantly greater in eyes with unilateral cataract than in those with bilateral cataract. AL of the unilateral cataractous eye was significantly shorter than that of the fellow noncataractous eye before 6 months of age (P ϭ 0.001). CONCLUSIONS. This study begins to lay the groundwork for calculating pediatric IOL power in cataractous eyes by using pediatric ocular measurements. (Invest Ophthalmol Vis Sci. 2007;48:4671-4678) DOI:10.1167/iovs.07-0267 I mplantation of an intraocular lens (IOL) in the eyes of select children undergoing cataract surgery has become the standard of care for pediatric aphakia.
I
mplantation of an intraocular lens (IOL) in the eyes of select children undergoing cataract surgery has become the standard of care for pediatric aphakia. 1 Although surgical techniques have improved over the past several years, IOL power calculation issues have not necessarily kept up. Biometry of the eye is an important step when deciding IOL power. Currently, pediatric IOL power is calculated with formulas designed for adult eyes and based on adult biometry data. To design IOL power calculation formulas specifically for pediatric eyes, it is important to explore similar data from pediatric eyes. Various publications have reported globe axial length (AL), anterior chamber depth (ACD), and lens thickness (LT) in children with clear lenses [2] [3] [4] [5] and in adults with cataractous lenses. 6, 7 Our objective was twofold: to report the AL, ACD, and LT in pediatric cataractous eyes measured with the immersion Ascan ultrasound technique and to compare the data of the unilateral cataractous eye with those of the corresponding noncataractous fellow eye.
METHODS
The research adhered to the tenets of the declaration of Helsinki. The project received an exempt status from the Human Investigation Review Board of the Medical University of South Carolina. It entailed a chart review of all patients who had undergone cataract surgery at or before 18 years of age at the pediatric ophthalmology clinic of the Storm Eye Institute between November 1991 and November 2006. We excluded eyes with traumatic cataract or lens subluxation. We also excluded eyes in which the AL was not available at the time of cataract surgery. As race is known to influence biometry results in children and most of our patients are either Caucasian or African-American (a few are Hispanic or Asian), we have included only data of Caucasian and African-American patients, to avoid the possibility of confounding effects. In bilateral cases we randomly selected one eye for analysis, whereas for unilateral cases, data from the cataractous eye were analyzed.
Data collected include age at surgery, gender, race, and laterality of cataract. We also collected biometry data for AL, ACD, and LT. AL, ACD, and LT measurements typically were obtained by immersion techniques, with the child under general anesthesia and through a dilated pupil.
Regression analysis and analysis of variance (ANOVA) were used for statistical analyses. For gender, race, and laterality analysis, a t-test for independence was used based on the results of the F-test for equality of variance. For unilateral cataracts, we used a paired t-test to compare AL, LT, and ACD of eyes with cataract with those measurements in the fellow eye with a clear lens. Table 1 shows the mean AL per age group. In Table 2 , the first 2 years of life are divided into age groups, showing the mean AL per each age group (Table 2A) and the post hoc analysis (Table 2B) . Table 3 shows descriptive statistics of mean AL as they relate to gender, race, and laterality of cataract per the indicated age groups. Twelve of the 13 eyes with an AL Ն25 mm were African-American. In a scatterplot of age versus AL, Figure 1 shows a logarithmic linear trend that supports that the greatest change occurs early in life, especially during the first 6 months.
RESULTS

Biometry Data of Pediatric Cataractous Eyes
The results of regression analyses using AL as an independent variable are shown below. Age demonstrated a significant linear relationship with AL.
1. AL ϭ 16.77 ϩ (3.09 ϫ log of age in months) (R 2 ϭ 0.70; P Ͻ 0.001). 2. AL ϭ 16.63 ϩ (3.03 ϫ log of age in months) ϩ (0.85 ϫ race) (R 2 ϭ 0.71; age: P Ͻ 0.001, race: P Ͻ 0.001). Race is a "dummy" variable, where African-American ϭ 1, Caucasian ϭ 0. 3. AL ϭ 18.79 ϩ (0.04 ϫ age in months) (R 2 ϭ 0.41; P Ͻ 0.001).
Although age showed a significant linear relationship with AL, transformation of age to log of age better fit the normality assumption for linear regression. Logarithmic transformation of age explains more variation in AL than does age (70% when log of age is used and 41% with age). Although the addition of race added significantly to the model already containing age (P Ͻ 0.001), the addition of gender and cataract laterality in a regression model that already contains log of age did not significantly explain the linear relationship (P ϭ 0.27 and 0.18, respectively). Linear regression analysis revealed that during the first 6 months of life, AL increased by 0.62 mm per month. From 6 to 18 months of age, it increased by 0.19 mm per month and after 18 months, by 0.01 mm per month or 0.12 mm per year. Tables 4 and 5 show descriptive statistics of mean ACD and LT, respectively, as they relate to gender, race, and cataract laterality, per the indicated age groups. Figure 2 is a scatterplot of age versus ACD, showing a logarithmic linear trend that supports that the greatest change occurs early in life, especially during the first 6 months, similar to that seen with AL ( Fig. 1) . Figure 3 illustrates the linear positive relationship of AL to ACD. The scatterplot of Figure 4 (age versus LT) shows little linear relationship. Figure 5 presents AL versus LT in a scatterplot and shows a positive linear relationship. Figure 6 presents ACD versus LT in a scatterplot and shows a negative relationship. Tables 6, 7 , and 8 show mean AL, ACD, and LT, respectively, in unilateral cataractous eyes when compared with measurements of their fellow eyes with clear lenses.
Biometry Data of Pediatric Unilateral Cataractous Eyes Compared with Their Corresponding Fellow Eyes
DISCUSSION
Biometry Data of Pediatric Cataractous Eyes
Investigators have reported AL, ACD, and LT in noncataractous pediatric eyes 3, 4 or cataractous adult eyes. 6, 7 In this study, we used immersion A-scan measurements to determine the values for these categories in pediatric cataractous eyes. Various publications in the literature have reported that growth of the eye is influenced by visual experience. 8 -10 Visual deprivation leads to excessive eye elongation. 8, 9, [11] [12] [13] Growth of cataractous eyes may have been influenced by two mechanisms: Amblyopia may lead to a longer AL, and associated ocular anomalies may be associated with a shorter AL. Thus, we were interested in determining the effect of cataract on AL.
It is well documented in the literature that the human eye undergoes extensive growth in the postnatal period. 2, 3 The increase of approximately 7 mm in AL from birth to adulthood requires a reduction of approximately 30 D of total refractive power to maintain an emmetropic state. In our series, the mean AL during the first month of age was 16.01 mm, which increased to 23.20 mm in children 10 to 18 years of age, showing 7.19 mm in axial growth. Larsen 2 reported a "rapid, post-natal phase" with an increase in AL of 3.7 to 3.8 mm in the first year and a half of life; followed by a "slower, infantile phase" from years 2 to 5, with an increase in AL of 1.1 to 1.2 mm; and finally a "slow, juvenile phase" lasting until the age of 13 years, with an increase of 1.3 to 1.4 mm. Subsequently, Gordon and Donzis 3 noted that the greatest increase in AL Data are expressed in millimeters. * Post hoc analysis (Tukey test) revealed that AL at Ͻ1 year was significantly different from that in all other age groups (P Ͻ 0.001). AL of 1-to 2-year-old children was significantly different from that in children older than 10 years (P ϭ 0.02). No other pair reached significance. 14 noted 0.64 mm per month growth in AL in premature infants, which is similar to our results of 0.62 mm. In our series, from 6 to 18 months of age, AL at surgery was greater by 0.19 mm per month of age. After 18 months, AL at surgery was greater by 0.01 mm per month of age, or 0.12 mm per year. This finding suggests a rapid, postnatal phase from birth to 6 months of age (earlier than the birth to 18 months reported by Larsen 2 ), followed by a slower, infantile phase from 6 to 18 months of age, and finally a slow, juvenile phase from 18 months forward. Larsen reported that the longitudinal growth terminates at the age of 13 years or is minimal after this age. Our study is not a longitudinal study and cannot adequately determine the age at which axial growth stabilizes. However, as seen in Table 1 , the mean AL of the 9-to 10-yearold children was 22.25 mm, whereas the mean AL of the children 10 to 18 years of age was 23.20 mm, suggesting an average 0.95 mm more mean AL in 10-to 18-year-old children compared with 9-to 10-year-old children. Further studies looking at longitudinal axial growth in the second decade are planned.
Trivedi and Wilson
The AL at Ͻ1 year-of-age was significantly different from all other age categories (Table 1) . Isenberg et al. 15 noted that at term, the mean AL was 16.2 mm, which correlates with our mean AL of 16.01 mm in infants Ͻ1 month of age. In a longitudinal study, Pennie et al. 16 noted the mean AL at 1 month of age to be 17.01 mm Ϯ 0.41, increasing to 19.71 Ϯ 0.87 mm at 1 year. Although our study is not longitudinal, our data of cataractous eyes showed a mean AL of 16.01 Ϯ 1.17 mm at 0 to 1 month of age and 19.95 Ϯ 1.17 mm at 6 to 12 months of age. AL at 12 to 18 months was not significantly different from that of 18 to 24 months (Table 2B) . Fan et al. 17 noted a mean AL 18.92 Ϯ 1.32 mm in children undergoing IOL implantation at Յ6 months of age (n ϭ 22) and 20.29 Ϯ 1.00 mm in children 7 to 12 months of age (n ϭ 12). These values seem higher than our results; however, we have analyzed all 20 is significantly different (P Ͻ 0.001) than the overall mean AL of pediatric noncataractous eyes (21.9 Ϯ 1.6 mm) as described by Gordon and Donzis. 3 More important, the standard deviation was nearly two times more in eyes with cataract Data are the mean number of subjects Ϯ SD. Age ranges are expressed in months. Bold data are significant at P Ͻ 0.05. * ACD data were not available for 100/310 (32.3%) eyes. 15 noted that the eyes of male infants grow faster than those of female infants (P Ͻ 0.001).
Significantly longer eyes were found in African-American patients than in Caucasian patients (Table 3, 21 .66 mm vs. 20.14 mm, P Ͻ 0.001). AL differences between the two races became more visible as age advanced. Pursuing the involvement of amblyopia or familial refractive error was beyond the scope of this study, however. Gwiazda et al. 21 note that they did not find a difference in axial dimensions in different ethnic groups. Kleinstein et al. 22 note significant differences in the prevalence of refractive error among ethnic groups (AfricanAmerican, Asian, Hispanic, and Caucasian), even after controlling for age and sex. However, they did not find a significant difference in the prevalence of myopia in Caucasians (4.4%) when compared with African-Americans (6.6%).
We found that eyes with unilateral cataracts overall had a shorter mean AL than those with bilateral cataracts (Table 3, 20.15 mm vs. 21.10 mm, P ϭ 0.003). This effect was seen until 60 months of age (P Ͼ 0.05). Eyes with cataract may also be associated with ocular anomalies (e.g., microphthalmos) leading to shorter AL. However, in children beyond 60 months of age, unilateral cataractous eyes were longer than bilateral cataractous eyes (Table 3, 23 .06 mm vs. 22.25 mm, P ϭ 0.02). Form-deprivation and/or deprivational amblyopia are likely to lead to a longer AL. However, the effect of amblyopia on AL may not be very apparent during the first few months of life. In addition to genetic factors, it is the balance between associated ocular anomalies and amblyopia that affect the AL in pediatric cataractous eyes. We have not looked at genetic factors. Lorenz et al. 23 have reported that in unilateral cataract, there is a trend toward an increased AL. In bilateral cataract, the eyes were shorter than normal, especially when surgery was performed during the first 6 months of life. Eyes between 6 and 12 months of age tended to have normal to increased AL at the time of surgery. Lorenz et al. 23 further reported that in unilateral cat- 
aract, 5 of 12 eyes examined at the time of surgery were 7% to 16% longer than their age-matched control eyes. Griener et al. 24 reported that in unilateral cases, between 2 and 6 months of life the mean AL was 18.7 mm. Moore 25 reported that in eyes at a mean age of 3.7 months (range, 1.3-6) the mean AL was 18.41 mm (range, 16.49 -20.09). They reported that the AL in all but one patient was greater than the average AL of normal neonates in their practice. Rasooly et al. 12 reported that patients with bilateral congenital cataract had significantly shorter eyes than those with unilateral disease. Rasooly et al. 12 have excluded eyes with evident microphthalmos.
Like AL, ACD showed a linear association with the log of age. With increasing age, ACD also increased. This increase in ACD may be a result of an increase in AL rather than decreasing LT. Larsen 5 reported a similar ACD increase in a pediatric population with noncataractous eyes. In a longitudinal study from birth to the first year-of-life, Pennie et al. 16 noted an increase in ACD during the first year-of-life, which correlates with our results. Female subjects have a shallower anterior chamber than do male subjects. Foster et al. 26 noted shallower ACs in women than in men. Variation in ethnicity is observed only from 6 to 18 months of age. Eyes of patients with unilateral cataract had significantly shallower ACDs than did those with bilateral cataract. During the overall growth period, there appears to be a real sex-determined difference in ACD of approximately 0.1 mm, with the deeper ACD found in boys. Our results also show that ACDs have a rapid growth during the first few months of life. Garner et al. 27 reported a significant difference in the rate of increase in ACD between nonmyopic and myopic groups (P ϭ 0.015).
Garner et al. 27 noted thinning of the crystalline lens in their pediatric population without cataract, noting that lens thinning continues to age 18 years, although the rate decreases with increasing age. Our data from cataractous eyes do not support these findings in noncataractous eyes. With increasing AL in our series, LT increased. Hydration of the cataractous lens may have masked this thinning in our pediatric population. Although our study was not longitudinal, the older children in our series had thicker lenses. In a longitudinal study from birth to the first year of life, Pennie et al. 16 noted no change in LT.
Biometry Data of Pediatric Eyes with Unilateral Cataract Compared with Their Corresponding Fellow Eyes
In young eyes with unilateral cataract, the cataractous eyes had a shorter mean AL than did their fellow eyes ( 28 reported their results in 12 children with unilateral congenital cataract (age range, 4 -418 days). All these eyes had a shorter AL (median, 17.54 mm) than did their fellow eye (median, 19.04 mm) and a median age of 103 days (range, 4 -418).
In cases of unilateral cataract, eyes with cataract have a significantly shallower anterior chamber (P Ͻ 0.001) than do fellow normal eyes. The changes in ACD in relation to age are more marked during 0 to 6 months of age and in children greater than 5 years of age. Larsen 5 noted that from birth to the age of 13 years, the mean ACD increased from 2.37 to 3.70 mm in boys and from 2.39 to 3.62 mm in girls. The increase in ACD took place in three growth phases: a rapid postnatal phase from birth to the age of 1.5 years with an increase of approximately 0.9 to 1.0 mm, a slower infantile phase from 1 to 7 years with an increase of 0.3 to 0.4 mm, and a slow juvenile phase from 8 to 13 years of age with an increase of barely 0.1 mm.
To the best of our knowledge, our study is the first of its kind to report biometry data of pediatric cataractous eyes. The sample size of 310 eyes of 310 patients is acceptable considering the rarity of the disease. The use of immersion A-scan measurements for biometry is a strength of the study. However various literature sources have used different techniques of measurement (applanation, immersion, optical biometry) to perform the A-scan; therefore, these variations must be kept in mind when comparing our data with those in the previous literature. Our study was not a longitudinal study, because obvious limitations make it impossible to design such a study, to gather preoperative biometry data.
The results of our study should be interpreted cautiously. We have reviewed our data in relation to age at surgery instead of age at cataract diagnosis, as it is not always possible to be certain about the age at onset of cataract. We did not look at type of cataract or at any influence cataract type might have had on various ocular parameters. Pupil dilatation may have affected ACDs. However, because we performed these measurements in patients under anesthesia, we had to hasten the procedure and therefore to dilate these eyes for detailed evaluation of the cataract. Lack of fixation while measuring AL under general anesthesia adds a further limitation to obtaining reliable biometry readings. However, unless the child is able to cooperate for reliable awake measurements, no better option exists. Looking at the quality of the A-scan image (e.g., vertical retinal spikes and double rising corneal echo) helped to obtain the correct measurements in the absence of fixation. We used the services of an experienced ultrasonographer for our measurements, to reduce the likelihood of error.
The following results were drawn from our study: (1) Eyes with cataract followed a logarithmic trend in changing AL as age advanced. At the younger ages, eyes with cataract had a shorter AL compared with their normal fellow eyes or data of the pediatric population without cataract. With advancing age, eyes with cataract had a longer AL than did their normal fellow eyes. (2) During the first 6 months of life, AL at surgery increased by 0.62 mm with each month of age. From 6 to 18 months of age, it increased by 0.19 mm per month of age and after 18 months, by 0.12 mm for each year of age. (3) The measurements of cataractous eyes tended to be different from those of the noncataractous eyes. Not only did the mean results differ but, more important, the SD was nearly twice that of the normal population. (4) Cataractous eyes in the girls had shorter ALs compared with those of the boys. (5) Eyes of the AfricanAmerican subjects had longer ALs compared with those of Caucasian subjects. (6) Eyes with unilateral cataract had shorter ALs than eyes with bilateral cataract during the earlier years, but had longer ALs during later childhood. (7) Eyes of the girls had shorter ACDs than those in the boys. (8) Eyes with unilateral cataract had shallower ACDs than those with bilateral cataract and shallower ACDs when compared with their fellow eyes with a normal lens.
Data from these series provide an overview of the limits of normal biometry data in African-American and Caucasian pediatric cataractous eyes. The results of the AL measurements from these children can be specified as within or outside the 95% CIs in Tables 1 and 2A . For eyes that yield values outside the 95% CIs we recommend repeating the biometric examination. The results of this study have begun to lay the groundwork for formulas that can be used calculate pediatric IOL power based on measurements obtained from pediatric cataractous eyes.
